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ABSTRACT 


A  workshop  on  Very  Low  Frequency  (VLF)  Ambient  Noise  sponsored  by  the  High 
Gain  Initiative  (HGI)  Program  and  the  ASW  Environmental  Acoustics  Support  (AEAS) 
Program  was  held  at  the  Stennis  Space  Center  on  20-21  September  1988.  The  workshop  was 
hosted  by  the  Naval  Ocean  Research  and  Development  Activity  (NORDA).  The  unclassified 
presentations  made  at  the  workshop  are  presented  here;  classified  presentations  can  be  found 
in  a  companion  document.  The  purpose  of  the  workshop  was  to  assess  existing  ambient  noise 
measurements  and  to  determine  the  feasibility  of  reprocessing  some  of  these  data  for 
application  to  HGI  objectives. 
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Stennis  Space  Center,  MS  39529-5004 


L  INTRODUCTION 

A  significant  number  of  measurements  of  acoustic  and  ambient  noise  environmental  data 
have  been  made  over  the  past  15  years.  Unfortunately,  the  processing,  analysis,  and  reporting  of 
these  measurements  have  not  been  pursued  at  a  commensurate  level.  It  seems  that  there  are  always 
more  funds  available  for  measurement  than  for  analysis.  Hence,  it  is  reasonable  to  assume  that 
present  data  which  have  not  received  complete  processing  attention  may  contain  some  undiscovered 
gems  that  could  be  extremely  valuable  to  a  current  program.  Furthermore,  these  gems  may  be 
"mined"  at  relatively  low  lost  compared  to  the  cost  of  Fielding  an  experiment  to  reacquire  the  data. 
The  key,  of  course,  is  to  scrutinize  the  data  very  closely  to  determine  if  the  potential  for  gems 
existing  in  the  data  is  high,  the  quality  of  the  storage  medium  is  adequate,  and  the  necessary  ancillary 
information  is  available.  This  includes  deployment  logs,  environmental  measurements,  and 
descriptions  of  measurement  conditions  that  include  factors  influencing  the  processing  and  analysis 
of  the  data.  An  additional  consideration,  some  corporate  knowledge  must  still  exist  concerning  the 
data.  These  concerns  were  the  motivating  factors  for  conducting  this  VLF  ambient  noise  workshop. 


There  was  an  additional  motivating  factor  for  conducting  this  workshop.  Such  a  workshop 
presents  an  excellent  opportunity  to  summarize  the  current  state  of  knowledge  of  VLF  ambient 
noise  and  any  critical  deficiencies,  at  least  in  so  far  as  the  HGI  program  is  concerned.  Hence,  VLF 
ambient  noise  was  reviewed  in  a  focused  way  by  inviting  specific  researchers  to  give  presentations 
on  particular  topics  and  to  tailor  those  presentations  to  the  needs  of  the  HGI  program.  The  topics 
were  not  limited  to  data  alone,  but  included  presentations  on  factors  that  influence  the  quality  of 
the  data,  such  as  system  noise  and  flow  noise,  on  acoustic  propagation  mechanisms  that  influence 
the  noise,  noise  source  characteristics  and  distributions,  and  the  processing  of  noise  data  by  the 
same  algorithms  that  might  be  used  to  process  signal  data  from  a  high  gain  array. 


Due  to  the  short  time  constraints  for  organizing  and  conducting  this  workshop,  each  speaker 
was  asked  to  prepare  a  viewgraph  presentation  on  a  particular  topic  and  to  provide  the  organizers 
with  an  annotated  hard  copy  of  their  viewgraphs.  These  viewgraphs  are  included  in  these 
Proceedings.  Two  volumes,  one  unclassified  and  one  classified,  were  compiled  to  facilitate  ease 
of  distribution  and  handling. 

Following  this  Introduction,  a  list  of  workshop  participants  can  be  found  (Section  II).  Section 
in  gives  the  agenda  of  the  two  day  workshop,  and  Section  IV  contains  viewgraphs  which  give  a 
summary  of  the  workshop  and  recommendations  for  future  efforts.  Section  V  contains  the  annotated 
hard  copies  of  the  viewgraphs  from  the  presentations  by  the  speakers.  Unfortunately,  not  all  of  the 
presentations  were  annotated  by  the  authors. 
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m.  AGENDA 

The  presentations  for  this  workshop  covered  several  broad  topics:  Noise  Field  Mechanisms, 
Modeling,  System  Noise,  "Stationary"  Horizontal  Arrays,  Towed  Horizontal  Arrays,  Vertical 
Arrays,  and  Data  Processing  Proposals.  Presentation  summaries  consisting  of  viewgraphs  with 
annotations  (when  available)  can  be  found  in  Section  V  of  this  report  or  in  a  companion  classified 
report.  The  presentations  were  given  in  the  following  order 


HGI/AEAS  VLF  AMBIENT  NOISE  WORKSHOP 
AGENDA 


20  Sep  1988 

0900  Opening  Remarks:  R.  Wagstaff  (NORDA) 

0910  Welcome  Address:  Dr.  E.R.  Franchi 

0920  Workshop  Sponsors’  Comments:  N.  Booth  (ONT)/AEAS  Rep.  (ONR) 

NOISE  FIELD  MECHANISMS  (J.  Reese/NOSC) 

0930  Influence  of  Noise  Source  Distributions  and  Propagation  Mechanisms  on  Noise  Field 
Directionality:  M.  Bradley  (PSI)/R.  Wagstaff  (NORDA) 

1000  Distant  Storm  Noise:  J.  Wilson  (WAR,  Inc.) 

1030  BREAK 

1045  Shelf  Shipping  Noise:  W.  Hodgkiss  (MPL) 

1115  Noise  Floor  Mechanisms:  R.D.  Gaul/A.  Wittenbom  (BSC) 

MODELING  (J.  Reese/NOSC) 

1330  AEAS  Noise  Modeling  Program  -  Directions/Needs:  E.  Chaika 
1400  Noise  Holes-Measured  and  Modeled:  R.  Heitmeyer  (NRL) 

SYSTEM  NOISE  (W.  Hodgkiss/MPL) 

1430  System/Self/Flow  Noise:  J.  Gottwald  (J/G  Assoc.) 

1500  BREAK 

1515  VLF  Self  Noise  Observed  in  SURTASS*:  J.  Reese  (NOSC) 

1545  Ambient/Pseudo/Self  Noise  jn  VLA:  P.  Mikhalevsky/H.  Freese  (SAIC) 

1615  ADJOURN 


Viewgraphs  are  contained  in  a  companion  classified  report. 
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21  Sep  1988 

"STATIONARY”  HORIZONTAL  ARRAYS  (S.  Marshall/BBN) 

0830  OMAT  Beam  Noise  Data/Down  Slope  Conversion*:  P.  Herstein/P.  Koenigs/W.  Carey 
(NUSC) 

0900  LBA  Data:  J.  Codona*  (BTL) 

TOWED  HORIZONTAL  ARRAYS  (S.  Marshall/BBN) 

0930  Towed  Array  Data  Overview*:  M.  Bradley  (PSI)/B.  Palmer  (NRL)/R.  Wagstaff 
(NORDA) 

1000  LAMBDA  D  and  IB  Results*:  R.  Wagstaff  (NORDA) 

1030  BREAK 

1045  VLF-MF,  MFA  and  QRSS  Data*:  W.  Carey  (NUSC) 

,1115  APL/JHU  Measurements*:  J.  Lombardo  (APL/JHU) 

1145  SURTASS  Noise  Field  Measurements:  E.  Holmstrom  (COSP)/S.  Kooney  (NORDA)/ 

M.  Bradley  (PSI) 

1215  LUNCH 

VERTICAL  ARRAYS  (W.  Carey/NUSC) 

1330  VLA  Measurements:  W.  Hodgkiss  (MPL) 

1400  Noise  Model  Filtering  to  Enhance  Array  Gain:  T.  Yang  (NRL) 

1430  BREAK 

DATA  PROCESSING  PROPOSALS  (R.  Wagstaff/NORDA) 

1445  Opportunities  for  Analysis  of  Previously  Recorded  Data:  J.  Shooter/S.  Mitchell 
(ARL/UT) 

1500  Other  Proposals? 

1600  Adjourn  Workshop 


* 


Viewgraphs  are  contained  in  a  companion  classified  report. 


IV.  SUMMARY 


As  a  result  of  this  workshop,  VLF  ambient  noise  was  reviewed  in  light  of  HGI  Program 
objectives.  It  is  evident  that  the  general  principles  governing  ambient  noise  between  10  and  100 
Hz  are  well  understood.  This  understanding  was  used  to  develop  criteria  for  future  program  efforts. 
Toward  this  end,  some  existing  data  sets  were  determined  as  candidates  for  reprocessing  tailored 
to  HGI  investigations.  The  following  set  of  viewgraphs  summarizes  the  findings  of  the  workshop. 
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SEARCHLIGHT  BEAM  NOISE  LEVELS 

at  19  Hz 


Omnidirectional 

Nolaa 


SEARCHLIGHT  BEAM 
NOISE  LEVELS 


Equivalent 

Omnidirectional 

Nolaa 


MEASUREMENTS  AND  ESTIMATES  OF  THE 
POTENTIAL  FOR  SUPER  GAIN  IN  THE 
HORIZONTAL  AND  VERTICAL 
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CANDIDATE  DATA  SETS  FOI 
ADDITIONAL  PROCESSING 
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HGI  SYSTEM  PERFORMANCE  NOT  CURRENTLY  PREDICTABLE 
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SUMMARY 


MUCH  OF  DATA  DISCUSSED  COULD  BE  REPROCESSED 
TO  ADDRESS  ISSUES  IMPORTANT  TO  HGI 


V.  PRESENTATIONS 


This  section  contains  copies  of  the  viewgraphs  used  for  the  presentations  made  at  the  VLF 
Ambient  Noise  Workshop.  Annotations  to  the  viewgraphs  are  also  provided  when  available.  As 
previously  indicated,  some  viewgraphs  are  omitted  from  this  report,  and  are  contained  in  a 
companion  classified  report. 
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OPENING  REMARKS 


R.  WAGSTAFF  (NORDA) 
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AMBIENT  NOISE  WORKSHOP 
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INFLUENCE  OF  NOISE  SOURCE 
DISTRIBUTIONS  AND 
PROPAGATION  MECHANISMS  ON 
NOISE  FIELD  DIRECTIONALITY 


M.  BRADLEY  (PSI)  /  R.  WAGSTAFF  (NORDA) 
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Marshall  Bradley 
Ron  Wagstaff 
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SPECTRUM  LEVEL  -  dB  r*  jrtV/Hi 


VLF  AMBIENT  NOISE 

Kibblewhite  (1985) 
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Vertical  Structure  for  Noise  due  to  Ships  and 
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VERTICAL  RECEIVEO  ANGLE,  dv<j 
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AMBIENT  NOISE  VERTICAL  DIRECTONALITY 

(E.H.  Axelrod,  et  a!.,  JASA  Vol.  37, 1965) 


SPECTRUM  LEVEL  IN  dB//  pPa2  /  STERADIAN  /  CYCLE  PER  SECOND 
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MEASUREMENT  OF  HF  SOFAR  NOISE 
NOTCH  BY  A  TOWED  ARRAY 
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50  Hz,  Omnidirectional  Level  of  85.8  dB 
150  Hz,  Omnidirectional  Level  of  763  dB 
250  Hz,  Omnidirectional  Level  of  72.1  dB 


AMBIENT  NOISE 
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SOUND  \  SOUND  SOUND 

SPEED  \  SPEED  SPEED 
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DOWNSLOPE  ENHANCEMENT 

Northrop  et  al  (1968) 
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DOWNSLOPE  ENHANCEMENT 

Morris  (1978) 
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BATHYMETRIC  EFFECTS 
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MEASURED  AMBIENT  NOISE 
SYSTEM  DEPENDENCE 
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ARRAY  APERTURE  EFFECTS  ON 


REAM  RESPONSE  DATA 
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LINE  ARRAY  BEAM  NOISE: 
NEAREST  700  SHIPS 
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TERM  PERSISTENCE  OF 
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HORIZONTAL  OIRECTlONAUTYi 
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MEASURED  BROAD  BEAM  VS 


50  Hz  BEAM  RESPONSE  DATA 


Measured  CHURCH  ANCHOR  Data 

This  slide  and  the  next  show  how  noise  directionality  persists  on  shorter  time  scales.  These 
measurements  differ  by  several  hours  but  the  patterns  are  much  the  same. 
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MEASURED  CHURCH  ANCHOR  DATA 


POLYGON  NUMBER  5311,  5  SIDES,  100  Hz 
OMNI  LEVEL  -  74.9  dB 
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5W  FREQUENCY  AMBIENT  NOISE  FIELD  GROSS 
rRUCTURE  IS  WELL  UNDERSTOOD 

-  VERTICAL  AND  HORIZONTAL  DIRECTIONALITY 
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DISTANT  STORM  NOISE 


J.  WILSON  (WAR,  INC.) 


PRESENTATION  OUTLINE 


Dr.  James  H.  Wilson 
WAR,  Inc. 


EMPIRICAL  SEA  SURFACE  AMBIENT 
NOISE  MODEL  RESULTS 

-  Storm  noise  model  shows 
that  distant  storm  noise 
can  provide  "noise  floor"  for  long 
horizontal  arrays  looking 
between  ships 


AT-  SEA  MEASUREMENT  CONCEPT 

-  Inexpensive,  low  risk  method  to 
collect  long  time  series  data 

-  Beam  data  to  be  transmitted  via 
ARGOS 


MEASUREMENT  NEEDS  FOR  THEORIES 

-  Lack  of  supporting  environmental 
data  s  a  major  problem  in 
current  data  sets 
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STORM  NOISE  MODEL 


•  SOURCE  LEVEL  DENSITY 


•  SOURCE  DIRECTIVITY  PATTERN 


•  SOURCE  SURFACE  DISTRIBUTION 


•  TRANSMISSION  LOSS  MODEL 
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WIND  SPEED  (KTS) 

12.5  Hz  NOISE  DATA  MEASURED  AT  A  SITE  NEAR  A  MAJOR  SHIPPING 

LANE 
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SPECTRUM  LEVEL  (dB/AiPa/Hz**) 


0  10  20  30  40  5( 

WIND  SPEED  (KTS)  m 

12.5  Hz  NOISE  DATA  MEASURED  AT  THREE  SITES  DISTANT  FROM  MAJOR 

SHIPPING  LANES 
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SPECTRUM  LEVEL  (dB/Ai  Pa/Hz’*) 


WINO  SPEED  DEPENDENCE  OF  PERRONE'S  MEASURED  NOISE  DATA 
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ROCKING  DIPOLE 


•  SEPARATION  INTO  PURE  DIPOLE  &  MONOPOLE  TERMS 


R  (9 )  =  Jo&H)cos2W  t  ( 1  -JeC2H))/2 


•  DIPOLE  ASSUMED  TO  ROCK  BETWEEN  ±H° 


•  SURFACE  MONOPOLE/DIPOLE  TRANSMISSION  LOSS 


145 


147 


148 


I 

I 

I 


- 1 — - 1 - 1 1 - 1 

°  «o  o  o 

N  ^  T- 

ap)aoioas  n  H0V3  ni  a3MOd  3Aiivi3a 


LOCAL 


154 


o 


■iMa 


'if:' 


f‘:  ’■  >.:•<: 

*  vy  r  »  .  -«  -  -  -. -_y /-.  ^  » jRT^v 

-v.':  - 

* w.  •:  ^■';}^sM§^m 

;  s’-.  -  -  >-^'«V -^v  -  '  '  -  -  '  .  j  ■> 'r\'~??'.- 

& >j'4'  ^-' *••  .;•>,?  •'- :'. / 


^sm^m SfcV.F,w. ...  ...,.  >i- V '.-..-a 


?>  - 


156 


MEASUREMENT  CONCEPT 


COLLECT  AND  TRANSMIT  DATA  FOR  LONG 
PERIODS  OF  TIME  AT  SEVERAL  LOCATIONS 


MINIMIZE  EXPENSE 


MINIMIZE  RISK  OF  LOSING  DATA  DURING 
AT-SEA  RECOVERY 
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MEASUREMENT  ASSETS 


WAVES  AIR-SEA  INTERACTION 
DRIFTING(WASID)  BUOY 


DEEP  MOORED  BUOY  (DMB) 


ARGOS  DATA  TRANSMISSION  SYSTEM 
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FIGURE  1.  PROPOSED  EXERCISE  SCENARIO 
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OCEAN  SURFACE  ENVIRONMENTAL  PARAMETERS 
THAT  ARE  FEASABLE  TO  MEASURE 


o  Wind  speed  vertical  profile  (3  different  heights) 
o  Low  frequency  wave  spectrum 
o  Barometric  pressure 
o  Air  and  sea  temperature 
o  Subsurface  bubble  density* 
o  Ocean  Turbulence* 
o  High  frequency  wave  spectra* 
o  Microseismic  activity* 

*  System  currently  not  capable  of  measuring 
this  parameter. 
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CONCLUSIONS 


•  Currently,  open  ocean  ambient  noise  measurements  are  not 
adequate  to  determine  source  level  density  function  to  validate 
theories  of  ocean  surface  physical  mechanisms. 

•  Ambient  noise  measurements  can  yield  ocean  surface  sound 
levels  only  after  propagation  effects  have  been  removed  from 
the  data. 

•  Some  accepted  (?)  results  from  ambient  noise  analyses. 

-  spectra  have  three  regions  with  similar  slopes  within  each  region 

-  wind  speed  dependence  has  at  least  two  physical  regions 
(divided  by  -  1 0  knots) 
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SHELF  SHIPPING  NOISE 


W.  HODGKISS  (MPL) 
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Figure  2.  Conversion  of  high-angle  raypaths  to  nearly  horizontal 
by  reflection  off  a  sloping  bottom  [2] . 
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Figure  3.  Intensity  field  plots  for  sound  propagation  from  a 
shallow  source  over  the  continental  slope  to  a  deep 
ocean  receiver  [13] . 
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Figure  4.  Propagation  paths  predicted  by  the  numerical  ray 
model  GRASS  for  22-m-deep  sources  at  ranges  of 
(a)  70  km,  (b)  110  km,  and  (c)  130  km  for  source 
angles  within  ±10°  of  the  horizontal  [14] . 
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Figure  5.  Ambient  noise  vertical  directionality. 
32*N  124 °W,  wind  speed  6  Jets.  Positive  angles 
refer  to  downward  looking  beans  [18]. 
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Firnire  7.  Proposed  downslope  conversion  experiment  area. 
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NOISE  FLOOR  MECHANISMS 


R.D.  GAUL  /  A.  WITTENBORN  (BSC) 
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Noise  Floor  Mechanisms 

This  brief  reviews  an  ambient  noise  measurement  exercise  that  occurred  in  the  Northeast 
Pacific  in  September  and  October  1975.  A  selection  of  about  20%  of  the  acoustic  data  were  analyzed 
and  results  are  given  in  a  report  by  A.F.  Wittenbom  published  by  Tracor  in  April  1976.  The  report 
has  been  declassified.  Most  of  the  viewgraphs  in  this  presentation  are  taken  or  derived  from  that 
report;  all  are  unclassified. 
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Bathymetry  in  the  Vicinity  Measurement  Site 

Ambient  noise  measurements  were  made  fof  two  weeks  at  the  "ACODAC  Site."  The  location 
is  on  an  abyssal  plain  with  a  characteristic  depth  variability  of  about  200  fathoms  within  a  range  of 
100  miles  from  the  site.  To  the  north  is  an  east-west'range  of  scattered  seamounts. 
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Sound  Speed  Profile 

The  sound  speed  profile  at  the  measurement  site  is  devoid  of  irregular  features.  The  base  of 
the  sound  channel  (critical  depth)  is  at  4,060  meters  which  is  slightly  more  than  600  meters  above 
the  ocean  bottom. 


200 


Hydrophone  Locations  as  a  Function  of  Depth 


Single  hydrophones  were  placed  vertically  in  the  depth  range  from  3,460  meters  to  4,850 
meters  (10  meters  above  the  ocean  bottom).  Data  were  analyzed  from  eight  hydrophones,  two  of 
which  were  above  the  critical  depth. 
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fcaear  Sdaoces  &  System 


Figure  1(U).  Hydrophone  locations  as  a  function  of  depth  or  dis¬ 
tance  from  the  bottom  for  the  CHURCH  OPAL  data  presented  in  this 
report  (U) 
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PROCESSING  TECHNIQUE 
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Hz,  whereas  below  the  critical  depth,  noise  below  10  Hz  tends  to  rise  slightly. 


DEPTH  DEPENDENCE 
D  0-1  KNOTS 
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Ambient  Noise  Levels 


Ambient  noise  levels  at  50  Hz  within  the  sound  channel  show  little  depth  effect  and  average 
about  75  dB.  Near  the  ocean  floor  the  levels  range  from  about  50  dB  at  5  knots  wind  speed  to  60 
dB  at  15  knots.  It  is  apparent  that  a  distant  source  tloise  within  the  sound  channel  masks  the  locally 
generated  wind  noise.  The  containment  of  distant  source  noise  in  the  channel  allows  the  wind  noise 
dependence  to  emerge  at  greater  depths.  However,  the  levels  for  10  and  15  knot  wind  speeds  likely 
are  contaminated  because  the  curves  are  not  vertical  at  the  bottom. 


210 


FREQUENCY (H* ) 


<&•£  tX 

fc'I  £ 

*=  u  5 


e-o.S 

S  I  = 

2  U  *- 

•o  20  £- 

-  ~  u 

•2  «s  X 

£sX 

2is 
0  §■§ 
5*1 

s  JC  ■- 

U  v  S 

j=  .. 
**  S3 

J  g  « 

>  §*= 

?  g  « 

2  a.  -3 

-  9S.| 

w:  JD  J 

>  *o  « 

C  u  -c 

3  C  ~ 

u  2  K 

flj  &  3 

.2  H  3 

y;  •■/: 
£  s«  -C 

2.  «  O 

E  «  v. 
c  ■g  « 
'J  x  ^ 
«  c  2 

JZ  U  £ 

*  _ 


214 


Sound  Pressure  Spectrum  Level  versus  Frequency 

The  curves  attributed  mainly  to  Wenz  are  shown  for  reference.  Note  that  the  wind  dependence 
curves  show  a  maximum  between  100  Hz  and  1,000  Hz. 
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LIMITS  OF  PREVAILING  NOISE 


WIND- DEPENDENT  BUBBLE  ANO  SPRAY  t &l$£ 

LOW-FflECUEMCY  VERY  SHALLOW  WATER 
WIND  DEPENDENCE 

HEAVY  PRECIPITATION  *> 

HEAVY  TRAFFIC  NOISE 

USUAL  TRAFFIC  NOISE  SHALLOW WATER 

USUAL  TFIAr-iS  NOISE  SEE*  WATER  “ 

THERMAL  NCT; 

• ;  -  HE  f.  a  *  !T:.'.uC:  '.'i.'l  F^C* 

EA-. _'.,H  ES  ~ND  EXPLOSIONS 

EXTRAPOLATIN'? 


Suggested  Revision  of  the  "Wenz  Curves” 

A  set  of  curves  are  given  that  merge  the  CHURCH  OPAL  results  with  the  Wenz  curves  for 
wind  dependence.  Levels  below  40  dB  at  10  Hz  for  up  to  10  knot  winds  are  inferred  recognizing 
the  effect  of  distant  source  contamination  below  100  Hz. 
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Figure  S-l(U).  Suggested  revision  of  the  "Wenz  Curves"  for  locally 
generated  wind  dependent  noise  between  10  and  500  Hz  (U) 
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Measured  Spectra 

The  spectra  obtained  during  passage  of  a  freighter  100  miles  away  show  the  effect  of  distant 
source  masking  in  the  sound  channel.  The  10-15  dB  ambient  noise  reduction  with  depth  makes  the 
ship  signature  stand  out  against  the  background. 
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lractf  Sciences  I  Srstaas 


FREQUENCY  (Hit 


Figure  S-2(U).  Spectra  measured  with  the  3960  meter  (upper  curve) 
and  the  4850  meter  (lower  curve)  hydrophones  at  the  closest  point 
of  approach  of  a  freighter  (German,  ADOLF  LEONHARDT,  bulk  carrier, 
22,000  tons,  10,600  bhp,  15  knots)  100  miles  from  the  receivers, 
illustrating  the  lack  of  a  significant  depth  effect  for. a  "not 
distant"  source.  Local  wind  speed  is  15  knots.  (U) 
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Two  Examples  of  Processed  Spectra 

The  example  shows  the  changes  in  level  and  character  of  the  spectrum  when  a  freighter  passed 
overhead.  The  lower  spectrum  was  typical  of  the  period  just  before  arrival  of  the  ship. 
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Figure  6(U).  Two  examples  of  processed  spectra  as  measured  with 
the  4850  meter  hydrophone.  The  upper  curve  corresponds  to  the  CPA 
of  a  freighter  passing  overhead,  0.1  Hz  frequency  resolution  10  min¬ 
ute  integration  time.  The  lower  curve  corresponds  to  distant  ship¬ 
ping  <as  defined  in  the  text),  5  knot  wind  speed,  0.2  Hz  frequency 
resolution,  10  minute  integration  time  (U) 
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Estimated  Source  Level  a  Function  of  Frequency 


The  spectrum  is  the  signature  for  a  ship  that  passed  within  one  mile  of  the  ACODAC  site. 
The  CHURCH  OPAL  database  is  a  reservoir  of  single  ship  passages  that  can  be  fully  documented 
for  signature  characterization. 
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Figure  21(U).  Estimated  source  level  as  a  function  of  frequency 
for  a  Japanese  bulk  carrier  (KANESHIZER  MARU,  12,272  tons,  9400 
brake  horsepower,  14.75  knots)  (U) 
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AEAS  NOISE  MODELING  PROGRAM  - 
DIRECTIONS  /  NEEDS 


E.  CHAIKA  (ONR) 


227 


VLF  Ambient  Noise  Modeling 


September  1988 
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VERTICAL  ARRIVAL  STRUCTURE  AND  TL  DEPTH 
DEPENDENCE  AVAILABLE 


GENERIC  LOW  FREQUENCY 
NOISE  MODEL  STRUCTURE 
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ANDES  NOISE  PREDICTION  SYSTEM 


ANDES  II  NOISE  MODEL 
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-  SOURCE  DENSITY 

-  NOISE  DIRECTIONALITY 


DISCRETE  SHIPPING  NOISE  MODEL 
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NEW  NOISE  MODEL  CAPABILITIES 
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ASTRAL  UPGRADES 
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DATA  BASE  UPGRADES 


VLF  AMBIENT  NOISE 
MODEL  EVALUATION 


MEASUREMENT  REQUIREMENTS: 
ANDES  II  EVALUATION 
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OUTPOST  SUNRISE 
AMBIENT  NOISE  MEASUREMENTS 
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MEASUREMENTS 
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GEOPHYSICAL  PROSPECTING 


AEAS  NOISE  PROGRAM 


DATA  REDUCTION 
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NOISE  HOLES  ■ 
MEASURED  AND  MODELED 


R.  HEITMEYER  (NRL) 
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2*7^14 
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Figure  2  shows  an  estimate  of  the  shipping  distribution  (HITS)  for  the  Northeast  Pacific  (top)  and 
the  Mediterranean  (bottom)  along  with  a  towed  array  measurement  site  in  each  area.  Although  the 
spatial  shipping  distributions  clearly  indicate  more  shipping  in  the  Mediterranean  than  in  the 
Northeast  Pacific  on  a  per  unit  area  basis,  the  angular  shipping  distribution  (mean  number  of  ships 
per  degree  bearing  relative  to  the  site)  for  Northeast  Pacific  is  greater  than  that  for  the  Mediterranean. 
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BEAM  DISTRIBUTION  FUNCTION 

MEASURED  - 

COMPUTED  - - - 
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NORMALIZED  LEVEL 
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BEAM  DISTRIBUTION  FUNCTION 

402-412  HZ  :  20  deg  sector 

MEASURED  - 

COMPUTED  - 


LEVEL  (dB//MEAN) 


SIGNAL  EXCESS  (dB) 


PROBABILITY 


DETECTION  PROBABILITY 

(False  alarm  =  10  %  ;  constant  signal  level) 
S.  IONIAN  : - 


SYSTEM  /  SELF  /  FLOW  NOISE 


J.  GOTTWALD  (J  /  G  ASSOC.) 
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NOISE  MECHANISMS 


•  ELECTRONIC  NOISE 

9  MECHANICALLY  INDUCED  NOISE 

9  TBL  FLOW  NOISE 
9  AMBIENT  NOISE 
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G/J  ASSOCIATES 


SOME  DEFINITIONS 


ARRAY  GAIN.  AG 


AG  »  TEN  TIMES  THE  LOGARITHM  TO  THE  BASE  TEN  OF 
THE  RATIO  OF  THE  SIGNAL-TO-NOISE  RATIO  AT 
THE  ARRAY  OUTPUT  TO  THE  SIGNAL-TO-NOISE 
RATIO  AT  THE  OUTPUT  OF  ONE  ARRAY  ELEMENT 


IF:  ALL  ELEMENTS  SENSE  THE  SAME  SIGNAL  FIELD.  AND 
THE  SIGNAL  FIELD  IS  PERFECTLY  COHERENT.  AND 
ALL  ELEMENTS  SENSE  THE  SAME  NOISE  FIELD,  AND 
THE  NOISE  FIELD  IS  ISOTROPIC.  AND 
ALL  ELEMENTS  ARE  SEPARATED  BY  AT  LEAST  ONEHALF 
WAVELENGTH,  AND 

ALL  ELEMENTS  ARE  GIVEN  THE  SAME  WEIGHT. 

THEN  THE  ARRAY  GAIN  REDUCES  TO  THE  QUANTITY  WHICH  IS 
CLASSICALLY  REFERRED  TO  AS  THE  DIRECTIVITY  INDEX,  DI. 


IF  ANY  OF  THESE  CONDITIONS  IS  VIOLATED,  THEN  THE  ARRAY 
GAIN  CAN  BE  GREATER  THAN,  LESS  THAN,  OR  POSSIBLY  THE 
SAME  AS  THE  DIRECTIVITY  INDEX.  WITHOUT  DETAILED 
KNOWLEDGE  OF  THE  SIGNAL  AND  NOISE  FIELDS  IT  IS  NOT 
POSSIBLE  TO  ACCURATELY  PREDICT  THE  ARRAY  GAIN. 

NOTE:  BOTH  THE  SIGNAL  AND  THE  NOISE  FIELD 
CHARACTERISTICS  ARE  REQUIRED  -  NOT  JUST  THE  NOISE  FIELD 
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G/J  ASSOCIATES 


SOME  DEFINITIONS 


COHERENCE 


THE  MAGNITUDE  SQUARED  COHERENCE  EUNCTIQN  IS  A  REAL 
VALUED  QUANTITY  DEFINED  BY  THE  RATIO  OF  THE  SQUARE 
OF  THE  ABSOLUTE  VALUE  OF  THE  POWER  CROSS  SPECTRAL 
DENSITY  TO  THE  PRODUCT  OF  THE  POWER  SPECTRAL 
DENSITY  FUNCTIONS  OF  THE  TWO  PROCESSES  AT  EACH 
FREQUENCY  IN  THE  SPECTRUM. 


THE  NORMALIZED  CRQSSCORRELATION  COEFFICIENT  IS  A 
REAL  VALUED  QUANTITY  DEFINED  BY  THE  RATIO  OF  THE 
CROSSCORRELATION  FUNCTION  TO  THE  SQUARE  ROOT  OF 
THE  PRODUCT  OF  THE  AUTOCORRELATION  FUNCTIONS  OF 
THE  TWO  PROCESSES  AT  ZERO  TIME  DELAY. 


WHEN  THE  MAGNITUDE  SQUARED  COHERENCE  FUNCTION  IS 
INTEGRATED  OVER  A  BANDWIDTH  EQUAL  TO  THAT  USED  TO 
COMPUTE  THE  NORMALIZED  CROSSCORRELATION  COEFFICIENT, 

THE  SQUARE  OF  THE  NORMALIZED  CROSSCORRELATION 
COEFFICIENT  WILL  EQUAL  THE  INTEGRATED  MAGNITUDE  SQUARED 
COHERENCE  FUNCTION. 
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G/J  ASSOCIATES 


SOME  DEFINITIONS 


ARRAY 


AN  ARRAY,  FOR  THE  PURPOSES  OF  COMPUTING  ARRAY  GAIN. 

INCLUDES 

0  THE  ACOUSTIC  SENSOR  OUTPUTS  AVAILABLE  FOR 
BEAMFORMING 

0  THE  MECHANICAL  STRUCTURE  TO  WHICH  THE 

ACOUSTIC  SENSORS  ARE  ATTACHED  OR  IN  WHICH 
THEY  ARE  MOUNTED 

0  THE  ATTACHMENT  OF  THE  ARRAY  STRUCTURE  TO  A 
SUPPORT  STRUCTURE,  TOW  VESSEL  OR  THE  OCEAN 
BOTTOM 

0  THE  INTERACTION  BETWEEN  THE  ARRAY  STRUCTURE 
AND  THE  ENVIRONMENT 


HYDROPHONE  GROUP 


THE  TERM  HYDROPHONE  GROUP  REFERS  TO  N  INTERCONNECTED 
OMNIDIRECTIONAL  ACOUSTIC  SENSORS  WHICH  ACT  AS  ONE 
ACOUSTIC  SENSOR  IN  AN  ARRAY 
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G/J  ASSOCIATES 


290 


COMMON  MODE  NOISE 


ARRAY  PERFORMANCE  AT  60  Hz 


296 


AMPlIFtER  SATURATION 


ELECTRONIC  NOISE  COHERENCE 


60  HERTZ  -  COHERENCE  «  1.0  WHEN  ASSOCIATED  WITH  GROUNDING 

PROBLEMS 

0  <  COH  <1  WHEN  ASSOCIATED  WITH 
LEAKAGE  OR  INDIVIDUAL  CIRCUIT 
PROBLEMS 

DYNAMIC  OVERLOAD  -  COHERENCE  UNCHANGED  OR  DEGRADED  DEPENDENT 

ON  CAUSE  AND  NOISE -TO -NOISE  RATIO 


303 


G/J  ASSOCIATES 


MECHANICALLY  INDUCED  NOISE 


MECHANISMS 

I  HYDROPHONE  ACCELERATION  SENSIVITYt 3D ) 

I  STRUCTURAL  RADIATION 

•  TURBULENCE 

•  ARRAY  STRUCTURE 

t  TENSION  INDUCED  VIBRATIONS 

DESCRIPTIVE  TERMS 

•  VORTEX  SHEDDING 

•  STRUM 

I  TBL  FLOW 

•  BULGE  WAVES 

I  EXTENSIONAL  WAVES 
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G/J  ASSOCIATES 


306 


HYDROPHONE  ACCELERATION  SENSITIVITY 


WHEN  STRUCTURAL  VIBRATIONS  MAY  BE  INDUCED  IN  AN  ARRAY 
THE  SENSITIVITY  OF  THE  INDIVIDUAL  HYDROPHONES  MUST  BE 
KNOWN  IN  THREE  DIMENSIONS 

THE  INABILITY  TO  OR  UNDESIRABILITY  OF  REDESIGNING  A 
HYDROPHONE  TO  REDUCE  OR  ELIMINATE  THE  ACCELERATION 
SENSITIVITY  IN  A  SPECIFIC  DIRECTION  MAY  REQUIRE  CHANGES 
IN  THE  ARRAY  STRUCTURAL  DESIGN 
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G/J  ASSOCIATES 


STRUCTURAL  RADIATION 


•  VORTEX  SHEDDING  CAN  CAUSE  STRUCTURAL  VIBRATIONS  WHICH 
IN  TURN  GENERATE  OBSERVABLE  ACOUSTIC  RADIATION 

•  TOWED  ARRAY  SYSTEMS  AND  SHIP  HULL  MOUNTED  ARRAY  SYSTEMS 
ARE  PARTICULARLY  SUSCEPTIBLE  TO  STRUCTURAL  RADIATION 
INDUCED  Bv  VORTEX  SHEDDING 
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G/J  ASSOCIATES 


TURBULENCE 


I  NATURAL  TURBULENCE  CAN  GENERATE  PRESSURE  GRADIENTS 
ALONG  AN  ARRAY  AT  VERY  LOW  FREQUENCIES 

•  STRUCTURALLY  INDUCED  TURBULENCE  WILL  GENERATE  PRESSURE 
GRADIENTS  JUST  AS  NATURAL  TURBULENCE 

•  THE  COHERENCE  OF  EITHER  NATURAL  OR  INDUCED  TURBULENCE 
DEPENDS  ON  THE  PROPAGATION  VELOCITY  OF  THE  TURBULENCE 
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G/J  ASSOCIATES 


ARRAY  STRUCTURE 

•  UNEXPECTED  ARRAY  NOISE  CAN  BE  GENERATED  BY  THE 
CONSTRUCTION  OF  THE  ARRAY 

I  MATERIALS 

I  CONFIGURATION 

•  ENVIRONMENT 

•  INSTALLATION 
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G/J  ASSOCIATES 


TENSION  INDUCED  VIBRATIONS 

•  VORTEX  SHEDDING 

•  MECHANICAL  VIBRATIONS  OF  ATTACHED  MACHINERY 

I  WAVE  INDUCED  FORCES 

•  WIND  INDUCED  FORCES 
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G/J  ASSOCIATES 


The  effects  of  "pops"  observed  aurally  on  the  hydrophones  of  a  towed  array.  The  condition  was 
caused  by  the  oil-deficient  hose  forcing  the  strength  members  to  make  random  contact  with  the 
hydrophones.  The  "pops"  disappeared  when  fill-fluid  was  added  to  the  array. 
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dashed  curve) ,  MEDIAN  (solid  curve )  ,  AND  dB  AVERAGE  (bottom  cashed 
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0A  A/4  HZ  200 
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345 


HYDROPHONE  SEPARATION 


HYDROMECHANICAL  WAVE  COHERENCE 


COHERENCE  OF  BULGE  AND  EXTENSIONAL  WAVES  IN  OIL  FILLED  ARRAY 
STRUCTURES  IS  ESSENTIALLY  UNITY  WHEN  IT  IS  THE  DOMINATE 
NOISE  SOURCE. 

LEVELS  ARE  DEPENDENT  ON  DRIVING  FORCES  AND  THE  DETAILS  OF 
THE  ARRAY  STRUCTURE 


RUBBER-BOOTED,  OIL  FILLED  HYDROPHONES  CAN  SUFFER  FROM  A  FORr, 
OF  HYDROMECHANICAL  WAVE  GENERATION  WHICH  CAN  LIMIT  THEIR  LOW 
FREQUENCY  DYNAMIC  RANGE 
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G/J  ASSOCIATES 


TURBULENT  BOUNDARY 
LAYER  FLOW  NOISE 
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Velocity 

Kinematic  viscosity 
Sound  Speed 


SOUND  I'OWIH  SPECTRUM  LEVEL,  diW/(|ib«r)4/Mi 


SOUND  POWER  SI'ECTHUM  I.EVEL.  dH//(  (.f»» »  /lit 


CORCOS  (1963) 


1 

I 


FREQUENCY,  Ni 


FICURE  «  -  ESTIMATED  TURBULENT  BOUNDARY  LAYER  NOISE  SPECTRA 
FOR  A  PVC  HOSED  SEISMIC  STREAMER  AT  SPEEDS  OF  1,  «. 
I.  «  AND  It  KNOTS 
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SOUND  POWER  SPECTRUM  LEVEL,  dB//(|jPa)/Ht 


360 


REDUCTION  IN  SPECTRUM  LEVEL,  dB 


NONDIMENSION AL  FREQUENCY  (wD/Uc) 


FIGURE  S  -  THEORETICAL  REDUCTION  IN  WALL  PRESSURE  FLUCTUATION 
SPECTRAL  DENSITY  AS  A  FUNCTION  OF  NONDIMENSIONAL 
FREQUENCY  FOR  A  RECTANGULAR  HYDROPHONE  OF 
DIMENSIONS  DXiD  WHERE  D  IS  iN  THE  DIRECTION  OF  FLOW. 
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■ 


362 


SOUND  POWER  SPECTRUM  LEVEL, dB/Hw  bar)* /Hi 


ItO 


FIGURE  <  -  WALL  TURBULENT  PRESSURE  SPECTRAL  DENSITY  AS  MEASURED 
USINC  A  "POINT*  HYDROPHONE  IN  THE  WALL  OF  A  TOWED 
ARRAY  HOSED  WITH  PVC  AND  AS  MEASURED  BY  A  SMALL 
HYDROPHONE  IN  THE  CENTER  OF  A  HOSE  OF  DIAMETER 
C.2S  cb.  TOW  SPEED  *  f  KNOTS 
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SOUND  POWER  SPECTRUM  LEVEL,  dB//(tiP a)* /Hi 
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SPECTRUM  LEVEL,  dB//l l»b«r)‘/ Ml 


200 


FREQUENCY,  Hx 


FIGURE  7  -  WALL  TURBULENT  PRESSURE  SPECTRAL  OENSITY  AS  MEASURED 
USING  A  ■  POINT*  HYDROPHONE  IN  THE  WALL  OF  A  TOWED 
ARRAY  HOSED  WITH  PVC,  AS  MEASURED  BY  A  SMALL  HYDRO¬ 
PHONE  IN  THE  CENTER  OF  A  HOSE  OF  DIAMETER  I.2S  cat  AND 
AS  MEASURED  BY  A  CROUP  OF  SEVEN  HYDROPHONES.  TOW 
SPEED  •  S  KNOTS 
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SOUNO  POWER  SPECTRUM  LEVEL.  dB//(y  P»)  /H* 


FICURE  9  -  COMPARISON  OF  SELECTED  SPECTRA  FOR  HEAD  SEA.  LOW  NOISE 
CENTER  SECTION  WITH  ESTIMATED  TURBULENT  WALL  PRESSURE 
SPECTRUM  FOR  3.7  KNOTS 


FIGURE  10  -  CC  iPARISON  OF  SELECTED  SPECTRA  FOR  IIEAO  SEA,  LOW  NOISE,  AFT 
SECTION  WITH  ESTIMATED  TURBULENT  WALL  PRESSURE  SPECTRUM 
FOR  *».  1  KNOTS 
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OCEAN  AMBIENT  NOISE 


•  Shipping  Noise 

*  Wind  Generated 
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SOUNO  PRESSURE  SPECTRUM  LEVEL  (DB  RE  ONE  MICROBAR) 
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SOUND  PRESS. RE  SPECTRUM  LEVEL  (DB  RE  ONE  MICROPASCAL) 


AMBIENT/  PSEUDO /  SELF  NOISE  ON  VLA 

V* 


P.  MIKHALEVSKY  /  H.  FREESE  (SAIC) 
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ANALYSIS  OF  SVLA  EXPERIMENT  DATA 

H.  FREESE 
Y.  LEE 

P.  NIKHALEVSKY 
SAIC 

MCLEAN/  VA. 


PRESENTED  AT: 

HGI/AEAS  VLF  AMBIENT  NOISE  WORKSHOP 
NORDA,  20  SEPTEMBER  1988 
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380 


SVLA  EXPERIMENT 


DATA  PROCESSING/BEAMFORMING 
NOISE  AND  SIGNAL  CHARACTERISTICS 
ESTIMATES  OF  ARRAY  GAIN 
SUMMARY 
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CTD  PROFILES 
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385 


SOUND  SPEED  (»/•) 


CTD  PROFILES 


{•*»)•«)  Hid3Q 


387 


SOUND  SPEED  (»/•) 


388 


ENVIRONMENT 


WIND  SPEED  NIL  TO  25  KNOTS 

EASTERLY  CURRENTS  OF  8  CM/SEC  9  100  METERS 

ARRAY  SEEMS  TO  BEHAVE  AS  A  STICK  WITH  THE  POSSIBLE 
EXCEPTION  OF  TOP  TWO  SECTIONS. 

ARRAY  TILT  OF  UP  TO  A  FEW  DEGREES 

ENVIRONMENT  (SOUND  SPEED)  NOT  UNUSUAL 


389 


SOURCES  OP  NOISE 


OWN  SHIP  (MACHINERY,  WAVE  SLAP) 

PLOW  INDUCED  (STRUM,  TURBULENCE) 
MEASUREMENT  SYSTEM  (ELECTRONIC) 

ARRAY  MOTION  (COUPLING  TO  SURPACE  SHIP) 


OTHER  POINT  SOURCES 
SURFACE  WAVES 

SEISMIC  ACTIVITY  RADIATED  FROM  BOTTOM 
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392 


PARTITIONING  OP  NOISE  ENERGY 


OCEAN /MECH AN I CAL -ELECTR I CAL 

LOCAL/DISTANT 

SHALLOW/DEEP 

DI SCRETE/CONTI NUOUS 

RESOVLEABLE/UNRESOLVEABLE 

HOW  IS  NOISE  ENERGY  PARTITIONED  AND  WHAT  ARE  LEVELS? 
HOW  DOES  THIS  COMPARE  TO  SIGNAL  ENERGY  PARTIONING? 
PROBLEM  IS  THE  DETECTION  OF  M  POINT  TARGETS! 
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GENERAL  NOISE  CHARACTERISTICS 


WHEN  VIEWED  BY  PLANE  WAVE  BEAMFORKER : 

LEVEL  AS  A  FUNCTION  OF: 

DEPTH  -  TIKE 
DEPTH  -  FREQUENCY 
WAVENUMBER  -  FREQUENCY 

i. 


STATISTICAL  El GEN STRUCTURE 


WHEN  VIEWED  BY  MATCHED  FIELD  BEAMFORKER: 

LEVEL  AS  A  FUNCTION  OF: 

RANGE  -  DEPTH  -  HORIZONTAL  ANGLE 


ACOUSTIC  MODE  STRUCTURE 

LEVEL  AS  A  FUNCTION  OF  MODE  NUMBER 
COA VARIANCE  OF  MODE  AMPLITUDES 
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FREQUENCY  (Hz) 


398 


EIGENVALUES  (  27  Hi  S'SWftL  ILOS  MO  lS£ 
SPECTRAL  LEVEL 


FREQUENCY  (Hz) 


EKoEWVj ALOES  (a*  SiSMftL  Hui  MDiiE 
SPECTRAL  LEVEL 


o 

p* 

•  in 


w 

p 


odin& 


o-  .$ 

wwin 

■  o/w  &  &.«  1 

^  *«#|L 

£  Si  irAii 

257  *  ?$»§■? 


§ 

Id 


a H/W  •*»  API  13A31 


401 


FREQUENCY  (Hz) 


ACOUSTIC 
AcC-|0  KJ 


contour  interval*  6.  d6 


385000sa.k-f 
-fr«guency=  0. 
tap©=  365. 
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FREQUENCY 


Fttcqoe  kjcy  -ttePnt  Soectftu*v 


385000s a .  z-f 
-frequency^  0. 
tapo=  365. 
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FREQUENCY 
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WAVENUMBER 


lfc.47 


contour  interval- 


6.  dB 


896000b. k* 
■fr«quenoy=  0. 
tape-  656. 
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FREQUENCY 
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TIME 


WAVENUMBER 


contour  interval*  3.  dB 


385007n.kf 
■fr«quenoy= 
tape*  38S. 
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WAVENUMBER 


contour  interval*  3.  dB 


38501Qn.kf 
•frequanoy= 
tape*  3%. 
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contour  interval*  3.  dB 
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4rac*janoy= 
tape*  3B5. 
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FREQUENCY  FREQUENCY 
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38505l4ss.  Iff 
-frequency=  5  >4. 
tape*  385. 


~n 
ZD 
m 
o 
cz 
m 
2 
O 
— < 


27*'/3 


ID 
m 
o 
d 
m 
2! 
o 
— < 


WAVENUMBER 

38508lse. iff 


contour  interval*  3.  dB 


-frequency 
tape*  385. 


81. 


417 


A*AAV  i-dC- 
J>*TA 


c 


CO 

CO 

UJ 

CJ 


az 

cl 

i 


UJ 

az 

Cl 


c 

N 

o 

in 

•  <“* 

4-> 

cn 

cn 

<0 

c 

\ 

c_ 

«  H 

ru 

XI 

L  TJ 

0)  C 

o 

, — t 

<0 

4M 

<0 

—  X 

o 

• 

0) 

s+-  N 

r— 1 

c 

T" 

a 

o 

CO 

E 

CO 

CO  3* 

00 

c 

40  • 

CO 

0) 

CLO 

CO 

1 

c 

HO  1 

3 

“O 

C  N 

O 

c 

<0  + 

"O 

<d 

X 

1 

3 

E 

0) 

0 

-H 

C 

CO 

C 

<0 

cn 

Q 

© 

c 

o  az 

.^z 

-w  cn 

(O 

c 

C  -M 

O)  O 

•H 

<D  CL 

W' 

c 

a 

C 

0) 

-f-'  CO 

c  <o 

•• 

0)  0) 

X  II 

c.  c_ 

iri  ^ 

0)  o 

L  •'“H 

x  c 

4-“*  » 

O  •'”* 

<0  ■ 

o 

o 

az 

mm  -M 

0) 

O) 

o 

c 

c 

f  M 

(0 

X 

4-# 

L 

o 

<0 

o 

:> 

E 

O 

cn 

CJ 

© 

© 

o 


©  © 


421 


Matrix  i nvers i on/di agona 1 i za  t i on 

Sel-f  replica  beam-forming: 

independent  o-f  mismatches 
upper  limit  o-f  the  beam-forming 
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INPUT  SNR  (dB) 


ARRAY  GEOMETRY 


FREQUENCY 

SPACING  (WAVELENGTHS) 

APERTURE  (WAVELENGTHS) 

16 

.4 

7.6 

21 

.53 

10.0 

27 

.68 

12.8 

41 

1.03 

19.5 

56 

1.40 

26.6 

81 

2.00 

38.5 

*  ONLY  BOTTOM  TEN  ARRAY  SECTIONS  (OUT  OF  12)  HAVE  BEEN  USED  IN 
CURRRENT  ANALYSIS 
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(80)  NJ VO 
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FREQUENCY  (HZ) 

Bartlett  +  Minimum  Variance 
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SUMMARY  OF  PRELIMINARY  RESULTS 


VLF  NOISE 

BELOW  15  HZ  THE  TOTAL  NOISE  IS  DOMINATED  BY: 

NONACOUSTIC  NOISE  (STRUM  AND  TURBULENCE) 

ACOUSTIC  NOISE  FROM  WAVE  SLAP  ON  MOORING  SHIP 

MOST  OF  THIS  NOISE  (IF  IT  DOES  NOT  DRIVE  FRONT  END 
ELECTRONICS  INTO  SATURATION)  CAN  BE  REMOVED  WITH 
WAVENUMBER  FREQUENCY  FILTERING  IF  ARRAY  IS 
LARGE  ENOUGH. 

SURGES  IN  MOORING  SHIP  CAN  COUPLE  TO  ARRAY 

TRANS  I STI ON  REGION  FROM  HIGH  ANGLE  TO  LOW  ANGLE  NOISE 
AT  ABOUT  30  HZ  IN  THIS  EXPERIMENT,  CONFORMS  WITH  CURRENT 
NOTIONS  ABOUT  GENERATING  MECHANISMS.  THIS  IS  SUPPORTED 
WITH  A  RANGE  -  DEPTH  ANALYSIS  AS  WELL. 

NO  EVIDENCE  OF  DISCRETENESS,  BUT  ARRAY  DOES  NOT  HAVE 
ENOUGH  D.O.F.  TO  ASSESS  THIS  ISSUE  VERY  WELL.  THEREFORE 
RESULT  IS  NOT  SURPRISING. 


ARRAY  GAIN 

ARRAY  GAIN  OF  APPROXIMATELY  10*LOG(N)  ACHIEVEABLE  WITH 
THIS  ARRAY 

REGION  OF  MINIMUM  GAIN  @  TRANS  I STI ON  FREQUENCY? 

A  FEW  dB  OF  NOISE  SUPRESSION  APPEARS  POSSIBLE  WHEN  ARRAY 
IS  FOCUSED  ON  TARGET.  6  dB  APPEARS  POSSIBLE  AT  LOW 
FREQUENCIES  BUT  RESULTS  ARE  BIASED  BY  NON-ACOUSTIC 
NOISE. 
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SURTASS  NOISE  FIELD 
MEASUREMENTS 


E.  HOLMSTROM  (COSP)  /  S.  KOONEY  (NORDA)  / 

M.  BRADLEY  (PSI) 
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SURTASS  DATA  BASE 
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R  &  D  COMMUNITY? 

PERFORMER:  NORDA/PSI 

SPONSOR:  AEAS 


SURTASS  DATA  BASE 
SCHEDULE 
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SURTASS  BEAM  NOISE  DATA 


HYDROPHONE  LEVELS 


AQUISITION  SYSTEM 
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PROCESSING  SYSTEM 


•  DEDICATED  SYSTEM  (R-9  CONFIGURATION) 

•  CAN  SET  ACCEPTANCE  PARAMETERS  FOR  READING  LEGS 

•  STORES  UPTO  3800  LEGS  OF  DATA 

•  10  FREQUENCIES  OF  INTEREST 

•  CAN  SET  ACCEPTANCE  PARAMETERS  FOR  POLYGON 
FORMATION 

•  FORMS  POLYGONS  OF  3-9  LEGS 

•  OUTPUTS: 


STATISTICS  TABLE 

BEAM  LEVEL  PLOT 

RANK  CORRELATION  MATRIX 

HORIZONTAL  DIRECTIONALITY 

ARRAY  HEADING  ROSE 

AZIMUTHAL  ANISOTROPIC  CUMMULATIVE 

DISTRIBUTION  FUNCTION  (AACDF) 

•  AUTOMATIC  MODE  AND  MANUAL  MODE  CAPABILITY 
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NOISK  HELD  TOWED  ARRAY 

HORIZONTAL  DIRECTIONALITY  (clU/dcg)  ‘'ARRAY  HEADING  ROSE 


DATA  QUALITY  STATISTICS 
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PROBLEM:  stdev 

PRDIF 

CORRELATION  MATRIX 
BEAM  NOISE  PLOT 
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TOWED  ARRAY  STATISTICS 
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DANDE:  DATA  QUALITY 
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HEADING  55 


Example  of  poor  qualify  beam  noise  data 
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HEADING  276 


COMPUTED  OMNI  LEVEL  -  86.9 
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OPTICAL  DISC 
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SUMMARY 
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512 


VLA  MEASUREMENTS 


W.  HODGKISS  (MPL) 
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VLA  Measurements 


W.  S.  Hodgkiss 

Marine  Physical  Laboratory 
Scripps  Institution  of  Oceanography 
San  Diego,  CA  92152 

HGI/AEAS  VLF  Ambient  Noise  Workshop 
September  21, 1988 
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DliPTII,  mclers 


Low  Frequency  Array 
Characteristics 

•  10-200  Hz  F requency  Region 

•  200  Hydrophones  (20  Sections  with  10  Hydrophones/Section) 

•  7.5  m  Hydrophone  Spacing  (X/2  at  100  Hz) 

•  500  Hz  Data  Sampling  Rate  (12  Bits/Sample) 

•  Additional  Dynamic  Range  Provided  by  Programmable  Gain  Control 
Over  Each  Section 

•  12  kHz  Navigation  of  Each  Array  Section 
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DEPTH  ( 


SOUND  VELOCITY  (meters  /  sec) 
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LONGITUDINAL 

STRUM 


2— 44&L”irr—r’ 


- - - AT. 
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TIME,  seconds 


Time  Series  Display  of  Acoustic  Channels.  A  graphic  display  of  the  acoustic  channels  shows 
an  air  gun  source  at  a  range  of  300  miles  as  well  as  longitudinal  and  shear  strum  modes.  The  time  record 
displayed  is  3  J  seconds.  The  array  hydrophone  depths  span  400  m  to  1300  m. 
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FIG  11.  Ambient  noise  spectra  tor  five  wind  speeds  at  hydro¬ 
phone  depths  near  the  sound  channel  n»s. 


«  IOC  »ooc 

tSC0UfNC>  IHi 

FIG.  II  Ambient  noise  spectra  for  five  wind  speeds  ai  bydro- 
pbone  depths  approximately  170  tr.  above  tbe  critical  depth. 


ratoutucv  mn 


FIG  13  Ambient  noise  spectra  for  five  wind  speeds  at  hydro¬ 
phone  depths  about  150  to  above  the  aea  bottom. 
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Mid-Frequency  Data 

•  October  1985  (NORDA  VEKA  48-element  vertical  array) 

•  32  0  N,  124  0  W  (Tape  #85010,  wind  speed  6  kts) 

•  April/May  1986  (MPL  27-element  vertical  array) 

•  32  °  N,  124  8  W  (Tape  #86060,  wind  speed  22  kts) 

•  32  °  N,  136  °W  (Tape  #86247,  wind  speed  17  kts) 

•  32  8  N,  150 8  W  (Tape  #86180,  wind  speed  10  kts) 
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DEPTH  (meters) 


\7AM 

Marine  Physical  Laboratory 


SOUND  VELOCITY  (meters  /  sec) 


MPl-P2052(U)/RAPP  5/26/87 
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MPL  Array  Beam  Pattern*. 


ii 


Power  Spectrum  -  85010.1 

Channel  *1 


Frpqupncy  (H/J 


7  ime  {min) 
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Pnurr  Spoctnim  -  86060.  1 

C6nrnel  *1 


Frequency  (Hz) 


Powpr  SfYTlrtw  -  B6?47. 1 

Chomp  1  *1 


Frequency  (Hr) 


=;co 


Priwrr  (rlR) 


Power  Spectrum  -  86100.1 

Chomel  *1 


Frpqupncy  (Hr) 
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Rrroy  Response  -  86180  Bin  *5490 
f  =  200  Hz,  KB  window  (olpha  =  1.5 


flrroy  Response  -  85010*85017  Bin  *5902 
f  =  200  Hz,  KB  window  (olpho  =  1.5) 


NOISE  MODAL  FILTERING  TO 
ENHANCE  ARRAY  GAIN 


T.  YANG  (NRL) 


567 


MODE  FILTERING  TO  ENHANCE  ARRAY  GAIN 


OUTLINE 

o  LOW  FREQUENCY  AMBIENT  NOISE  IN  THE  ARCTIC 

-  SPATIAL  CHARACTERISTICS 

-  MODAL  REPRESENTATION 

o  EFFECTIVENESS  OF  MODE  FILTERING  IN  THE  ARCTIC 
o  EFFECTIVENESS  OF  MODE  FILTERING  IN  THE  PACIFIC 
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SPATIAL  CHARACTERISTICS  OF  LOW  FREQUENCY 
AMBIENT  NOISE  IN  THE  ARCTIC 

o  NOISE  LEVEL  VS  DEPTH 
o  NOISE  VERTICAL  DIRECTIONALITY 
o  SPATIAL  COHERENCE 
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RELATIVE  NOISE  LEVEL  (2dB/UNIT) 


HORIZONTAL  COHERENCE  VERTICAL  COHERENCE 

o.4  o.o  o.#  i.o  o.o  o.a  o.«  o.o 


PHONE  SPACING  /  WAVE-LENGTH  (  d  /*) 


HORIZONTAL  COHERENCE  VERTICAL  COHERENCE 

o.4  o.o  o.o  i.o  .  o.o  o.a  o.i 


PHONE  SPACING  /  WAVE-LENGTH  (  d  /  A) 


PHONE  SPACING  /  WAVE-LENGTH  (  d  /  A) 
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MODAL  REPRESENTATION  OF  THE  NOISE 


OBESRVATION  (R  KLEMM): 

IF  NOISE  IS  UNCORRELATED  IN  THE  MODE  SPACE  THEN 
THE  SPATIAL  COHERENCE  IS  A  FUNCTION  OF  PHONE 
SEPARATION,  AND  IS  APPROXIMATLEY  A  FUNCION  OF  D/^ 


PROOF:  *  2 

<ef^e“’4w> 

f(d)s  Z 

«»,»n 

In  general,  the  spatial  correlation  depends  on  the  modal 
phase  differences  (kft  -  k^  )r.  Only  for  uncorrelated 
modes,  ie., 

A  (»,*)  «=  O  -fn.  W 

do  we  get 

X  a? e*> C- 1  {>* ) 
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INTERPRETATION 


LOW  (<140  Hz)  FREQ.  ARCTIC  DATA  INDICATED 
THAT  THE  SPATIAL  COHERENCE  OF  THE  AMBIENT 
NOISE  CAN  BE  REPRESENTED  APPROXIMATELY  BY 
A  FUNCTION  OF  D/*.  .  THIS  RESULT  SUGGESTS 
THAT  AMBIENT  NOISE  IS  UNCORRELATED  IN  THE 
MODE  SPACE,  (IE,  THAT  THE  NOISE  MODAL 
COVARAIANCE  MATRIX  IS  DIAGONAL). 

IMPLICATIONS: 

MODAL  BEAMFORMING  IS  POTENTIALLY  ROBUST  FOR 
LOW  S/N  RATIO  SIGNAL  DETECTION  AND  LOCALIZATION 
IN  A  COLORED  NOISE  ENVIRONMENT  WHERE  THE  NOISE 
SOURCES  ARE  UNCORRELATED 
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CONCLUSIONS 


o  THE  DOMINANT  CONTRIBUTION  OF  ARRAY  GAIN 
COMES  FROM  MODES  WHICH  HAVE  HIGH  SIGNAL 
CONTENT  AND  LOW  NOISE  CONTENT.  IT  IS 
ESSENTIAL  THAT  THESE  MODES  ARE  ACCURATELY 
FILTERED  IN  ORDER  TO  ENHANCE  ARRAY  GAIN. 

o  MODAL  BEAMFORMING  (MATCHED-MODE)  ARRAY 
GAIN  IS  OFTEN  VERY  CLOSE  TO  THE  OPTIMUM 
ARRAY  GAIN  FOR  A  LINEAR  PROCESSOR  IN  A 
COLORED  NOISE  ENVIRONMENT. 

o  BEAMFORMING  IN  THE  MODE  SPACE  (MODAL 

BEAMFORMING  IS  ONE  OF  THEM)  IS  POTENTIALLY 
ROBUST  FCf  LOW  S/N  DETECTION  AND  LOCALI¬ 
ZATION,  IF  THE  NOISE  COVARAINCE  MATRIX 
IS  DIAGONAL. 


619 


I 

p 


OPPORTUNITIES  FOR  ANALYSIS  OF 
PREVIOUSLY  RECORDED  DATA 


J.  SHOOTER  /  S.  MITCHELL  (ARL:UT) 
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The  AEAS 
VLF  Data  Base 


Presentation 
t  o 

Ambient  Noise  HGI/AEAS  Workshop 
20-21  September  1988 


Environmental  Science  Group 

Applied  Research  Laboratories 
University  of  Texas  at  Austin 
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ackground 


•  Thirteen  Years  of  Data  Collection 

and  Analysis,  38  sites  --  Archived  at 

ARL:UT 

•  Most  Analysis  was  Limited  to  25  -  600  Hz 

-  Low  Sponsor  interest  <  25  Hz 

-  Poor  VLF  SNR  at  Low  Freq  on 

Standard  Playback 

•  Current  Focuses 

-  Noise  Vertical  Directionality 

-  Spatial  Coherence  (BB) 
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The  Analysis  of  Recordings  below  25  Hz 

1.  Acoustic  Data  are  recorded  and  calibrated 
down  to  5  Hz 

2.  Reproduction  is  possible  using  Flux 
responsive  heads  developed  by 
Teledyne/Geotech 
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Magnetic  Tape  Playback 

•  Conventional  Head  Output  is  proportional 

to  Flux  Rate  (  tape  speed  ) 

•  Flux  Responsive  Head  Output  is  proportional 

to  Flux  Level 
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Fig  2  —  Playback  comparison  of  the 
conventional  and  the  flux-response 


Objectives 


Similar  to  Objectives  at  Higher  Frequencies 

•  Characterization  of  Spectral  Levels 

1.  Variability  over 
Ocean  Region 
Depth 

Season 

Weather 

2.  Directionality  and  Spatial  Coherence 

at  5-50  Hz 

3.  Compare  VLF  levels  with  LF,MF 

•  Characterization  of  Noise  Sources 

-  Source  Level  and  Radiation  Patterns 

-  Distant  Wind,  Storms,  Microseisms 

•  VLF  FL  Sensitivity  to  Geoacoustic 

Parameters,  Bottom/Sub- bottom 
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Approach 

•  Obtain  Flux  responsive  heads  and 

Playback  Electronics 

•  Focus  on  Three  Sites 

-  Parece  Vela  Basin  1977 

-  Irminger  Basin  19  82 

•  Cascadia  Basin  1983 

•  Digitize  and  Process  Selected  Data 
VLF  band  (5-50  Hz),  300  Hz 


•  Interpret  and  Analyze  results  based  on 
FNOC  Hindcast,  Local  Weather,  HITS, 
Local  Shipping,  and  careful  Modelling 
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